Introduction
'Neurogenic thoracic outlet syndrome' is a poorly defined and controversial term for a group ofupper extremity nerve compression disorders.' The objective of this article is to summarize current knowledge, review controversies, and formulate a rational management plan for neurogenic thoracic outlet syndromes (NTOS). We will present a balanced perspective that considers thoracic surgical and neurological viewpoints.
Thoracic outlet syndromes can be divided into four groups: arterial, venous, classic neurogenic, and non-specific neurogenic.2'3 The diagnosis of arterial and venous thoracic outlet syndromes is straightforward since characteristic clinical and radiographic findings are present. Classic NTOS is a diagnosis based on objective diagnostic features. Non-specific NTOS is a diagnosis based on suggestive symptomatology and exclusion of other entities. Vascular thoracic outlet syndromes are not discussed. Classic and non-specific NTOS will be reviewed separately.
Classic neurogenic thoracic outlet syndrome
Classic NTOS (true NTOS, cervical rib syndrome) is a universally accepted neurological entity (Table  I) . Its incidence is approximately one per million. 4 A cervical rib, abnormal C7 transverse process, or abnormal cervical band is usually present. Compression of the lower brachial plexus by the abnormal rib or band produces characteristic neurological deficits. Patients complain of pain and paraesthesiae of the medial forearm and hand. On examination, sensory loss is detectable along the medial forearm and over the fourth and fifth fingers. Intrinsic hand muscles are weak and muscle wasting is often apparent. The lateral thenar muscles are the most severely affected muscles. Electromyographic examination shows evidence of chronic lower trunk, axon-loss brachial plexopathy.4'5 A particular combination of nerve conduction study findings is characteristic. Median nerve motor amplitudes are very low, ulnar sensory amplitudes are low, ulnar motor amplitudes are equivocally low, and median sensory amplitudes are normal.4'67 Cervical spine radiographs usually show a cervical rib or elongated C7 transverse process. After exclusion of other entrapment neuropathies and cervical radiculopathy, the above noted physical findings and electrophysiological abnormalities are virtually diagnostic of classic NTOS.
The treatment of classic NTOS is not controversial.8 Through a neck incision, the cervical rib is removed or the abnormal cervical band is divided. Adjunctive operative procedures, such as scalenotomy, scalenectomy or first rib resection, are probably not required. Relief of sensory symptoms and arrest of progressive muscle weakness can be anticipated after surgical therapy. However, intrinsic hand muscle wasting usually does not improve.
Non-specific neurogenic thoracic outlet syndrome Non-specific NTOS (disputed NTOS) is distinguished from classic NTOS by a lack of objective findings on neurological examination and elec- The pathogenesis of non-specific NTOS is presumably related to compression of the brachial plexus across the 'thoracic outlet'.2 Compression can occur in three areas of the thoracic outlet: interscalene triangle, costoclavicular space, and subcoracoid space ( Figure 1 ). The first rib is common to both the interscalene triangle and costoclavicular space. Investigators have proposed a variety of pathophysiological theories to explain brachial plexus compression across the thoracic outlet. These theories fall into three major groups: congenital anomalies, postural factors and sequelae of trauma.
Congenital anomalies, such as cervical ribs and cervical bands, are essential pathophysiological features of classic NTOS. It seems plausible that these same anomalies can cause symptoms ofnerve compression without necessarily producing objective neurological findings. Non-specific NTOS may share a common pathophysiology with classic NTOS but be less severe. Unlike classic NTOS, most patients with non-specific NTOS do not have cervical ribs or abnormal C7 transverse processes. Anomalous fibromuscular bands have reportedly been found in many surgical patients with a diagnosis of non-specific NTOS.'0-'2 Congenital anomalies of the scalene muscles also may contribute to brachial plexus compression. '3"4 Postural factors, such as descent of the shoulder girdle in middle-aged adults, have been implicated in the pathophysiology of non-specific NTOS.'5 Normal rib and muscle structures presumably cause brachial plexus compression in these cir- Adson's test, many normal subjects show evidence of arterial compression with provocative arm positioning. 38 Radiographs of the neck may show cervical ribs in patients with non-specific NTOS. Cervical ribs are found in 1.5% of the general population4' but their presence in a patient with upper extremity symptoms supports a diagnosis of non-specific NTOS. Better delineation of subtle cervical transverse process abnormalities is possible with computed tomography but this modality has not been widely used.42 Early experience with magnetic resonance imaging (MRI) in various thoracic outlet syndromes is promising.43 Fibrous bands and brachial plexus deviation have been shown in patients without cervical ribs. Further reports of the role of MRI in thoracic outlet syndrome investigation are awaited.
Psychological assessment is a neglected aspect of investigaton.2' When compensation and litigation issues are present, secondary gain may influence severity and chronicity of symptoms.'5"44The Minnesota Multiphasic Personality Inventory has been used to assess non-specific NTOS patients.45 '46 Personality abnormalities have been detected but the test has not consistently predicted response to surgical therapy.' Some investigators have reported a high incidence of somatization disorders in non-specific NTOS patients." '47 Investigation of non-specific NTOS is essentially a process of excluding other causes of upper extremity neurological symptoms.' Diagnoses such as cervical radiculopathy, carpal tunnel syndrome and musculoskeletal conditions must be excluded by appropriate history, examination, electrophysiological testing and radiographic investigation. Neurology consultation is mandatory, since most thoracic surgeons lack the necessary expertise to exclude subtle neurological abnormalities. In one series of carefully investigated subjects, 65% of patients with a presumptive diagnosis of non-specific NTOS who were referred to a thoracic surgery clinic were found to have other neurological or musculoskeletal conditions."
Treatment ofnon-specific NTOS Considering the problems of defining and diagnosing non-specific NTOS, it is not surprising that treatment of this condition is controversial. Treatment should be as conservative as possible (Table  II) . Simple explanation of the syndrome and reassurance satisfies many patients. Shoulder girdle strengthening exercises may be prescribed; improvement is reported in 50-90% of patients."'6'48'49 Surgery is reserve for failures of conservative management. Surgical approaches are directed towards a variety of normal and abnormal structures that are presumably inmportant in nerve compression. Operations can be categorized into three major groups: cervical rib r section,2' first rib resection2'50 and scalenectomy (excision of scalenus anticus and medius muscles).'7 These operations are sometimes combined, either through the same operative incision or, less commonly, through two separate incisions.'35,"52 Scalenotomy (simple division of scalenus anticus)22'53 may be a useful adjunctive procedure when done with other operations, but it has otherwise been abandoned as a NTOS operation.
If a cervical rib is present in a patient with non-specific NTOS, it is reasonable to presume that the pathophysiological processes that characterize classic NTOS are present, although to a lesser degree. The logical operation in this setting is cervical rib removal through a supraclavicular approach.2' Abnormal bands are also divided. In the absence of a cervical rib, first rib resection is a logical operation for non-specific NTOS.2'2' First rib resection decompresses both the interscalene and costoclavicular spaces. In addition, most anomalous compressive soft tissue structures arise or attach to the first rib. First rib resection is usually done through a transaxillary incision,2 but supraclavicular54 and posterior approaches55'56 have proponents. Scalenectomy for non-specific NTOS is based on the trauma-scalene spasm aetiologic theory.'7 The operation is done through a supraclavicular approach.
Brachial plexus injury is a rare, but extremely serious, complication of NTOS operations. [57] [58] [59] [60] [61] [62] The intrinsic safety of the various operations is frequently debated.51'57'58 Most reported brachial plexus injuries have complicated transaxillary first rib resection, but this operation is also the most commonly performed procedure.60-62 Nerve traction, from excessive arm retraction, is the usual mechanism of plexus injury. Traction injury is unique to the transaxillary approach; direct operative trauma is the mechanism of brachial plexus injury in the other thoracic outlet syndrome operations. The skill of the surgeon is probably more important in preventing plexus injuries than the operative approach.
The reported results of surgical treatment for non-specific NTOS are often difficult to interpret. Follow-up is usually short and assessment of treatment efficacy is subjective. Review of the surgical literature suggests that good results are obtained in approximately 75% of patients, irrespective of the operative approach used.'3465163
Ten-year follow-up shows good results in approximately 65% of patients.5' Most reports of poor results are found in the neurology literature.58-6' Poor outcomes are usually associated with diagnostic errors and inappropriate surgery."4 Summary of neurogenic thoracic outlet syndromes Classic NTOS is rare entity with specific defining electrophysiological and physical examination findings. A cervical rib or anomalous cervical band is usually present. Surgical excision of the cervical rib or band relieves symptoms and stops progressive brachial plexus injury.
Non-specific NTOS probably does exist but its incidence is much lower than some proponents report. In a patient with symptoms suggesting classic NTOS, but lacking objective evidence of classic NTOS, the diagnosis of non-specific NTOS can be made after exclusion of other conditions. Operative treatment is reserved for failures of conservative management. Good surgical results are dependent on careful patient selection.
